An LL-oligopeptidase was characterized in the cell cytoplasm of sporulating Bacillus sphaericus 9602. Its activity showed a threefold increase throughout sporulation. The enzyme has lytic activity on various LL-dipeptides, especially on dipeptides with N-terminal L-alanine. Lytic activity was also found on some tripeptides and larger peptides which contain the sequence L-Ala-L-Ala. The role of this oligopeptidase in relation to sporulation may be to supply the cell with Lalanine for the biosynthesis of the peptide chains of the spore cortex.
Proteolytic activity is generally low in vegetative cells of Bacillus spp. but increases rapidly during the first steps of sporulation (28) . Extracellular and intracellular proteases have been characterized in various Bacillus spp. (4-6, 14, 25, 35) , and the synthesis of proteases is essential for a rapid protein turnover; this turnover is about five times faster in sporulating cells than in nonsporulating stationary-phase cultures (3).
Several extracellular and intracellular aminopeptidases have been characterized and purified in the genus Bacillus (2, 8, 13, 18, 22, 23, 26) , and another peptidase which did not seem to be an aminopeptidase has been found by Setlow in cells and dormant spores of Bacillus megaterium (30) . Our investigations on the spore cortex biosynthesis in Bacillus sphaericus have shown a dipeptidase activity in sporulating cells with a very restricted specificity on a few LD-dipeptides related to peptidoglycan (34) . During the purification of this LD-dipeptidase another peptidase activity was detected on LL-dipeptides. This paper describes the isolation and properties of this new enzyme.
MATERLULS AND METHODS Preparation of cell extracts. B. sphaericus 9602
was used in this work; culture medium and conditions for obtaining maximum sporulation have been described previously (11) . The percentage of refractile forespores was estimated by phase-contrast microscopy, and cells were harvested at different phases of growth and sporulation. Cells were broken in an UltraTurrax with glas beads as described in reference 33; assays were performed in 50 mM Tris- (10) .
Polyacrylamide gels for specific staining were prepared by the method of Tan and Marzluf (32) . The specific enzyme, L-amino acid oxidase, was mixed with the acrylamide solution, and electrophoresis was carried out with 30,g of protein in 0.025 M Tris-glycine buffer (pH 8.3) for 2 h at 3 mA per tube. The gels were stained by incubating at 370C in a mixture of 0.8 ,umol of the dipeptide Gly-L-Phe, 170 pg of Nitro Blue Tetrazolium, and 17 pg of phenazine methosulfate per ml of 0.1 M Tris-hydrochloride buffer (pH 7.0). Peptidase activity appeared as a violet blue band.
RESULTS
Characterization of oligopeptidase activity during growth and sporulation. B. sphaericus sporulating cells were broken and extracted by Tris-hydrochloride buffer in the presence of Brij 58 (see above). The total extract showed LD-dipeptidase activity and, in addition, hydrolytic activity on the following LL-dipeptides: L-Ala-L-AIa, L-Lys-L-Ala, and L-Ala-L-Lys. Purified LD-dipeptidase was previously shown to have a very strict specificity on L-Lys-D-Ala or meso-2,2'-diaminopimelic acid-D-Ala dipeptides (34); thus, another peptidase was involved in the hydrolysis of the LL-dipeptides. This oligopeptidase activity was studied throughout the growth cycle of B. sphaericus, using L-Ala-L-Ala as substrate (Fig. 1) . It increased during sporulation and was three times higher in activity at the end of sporulation than in vegetative cells. The production of the oligopeptidase seemed to be related to sporulation. To confirn this possibility, a culture ofB. sphaericus was perforned in the presence of Netropsin, which is known to be an inhibitor of sporulation (15, 16) and which was found to inhibit the production of sporulation-associated enzymes (12). When 2.2 ,ug of Netropsin per ml was added to the culture medium, the growth rate of B. sphaericus was unaffected but sporulation was inhibited (12) . Samples of cells grown in the presence of Netropsin were harvested and used for the preparation of the enzyme. (Fig. 1) . Oligopeptidase activity in Netropsin-treated cells was similar to that found in vegetative cells and was roughly constant during exponential growth and sporu- Fig. 2 . The oligopeptidase was well separated from the LD-dipeptidase. A further purification of the oligopeptidase was performed by gel filtration on Ultrogel AcA 34 in 0.1 M Tris-hydrochloride buffer (pH 8) containing 20% glycerol (Fig. 2) .
The active fractions were pooled and tested by polyacrylamide gel electrophoresis. The gels were stained for proteins with Coomassie brilliant blue R250 and for peptidase activity with the specific reaction given above. Several bands were detected with Coomassie brilliant blue R250, but only the major band was found to have oligopeptidase activity.
Protease activity. Protease activity was tested on casein as substrate by the method of Properties of the oligopeptidase. Enzyme assays were performed in cacodylate buffers (pH 5 to 7.5), Tris-hydrochloride buffers (pH 7 to 9.5), and Tris-maleate buffers (pH 5 to 9). Activity reached a maximum in Tris-maleate buffer at pH 7.5 and a half maximum at pH 6.5 and 9.0.
Buffer concentrations from 0.05 to 0.5 M were tested, and the optimum concentration for enzyme activity was found to be 0.2 M. Under those optimal conditions, the reaction rate was linear for 40 min with L-Ala-L-Ala as substrate.
The influence of metal ions is reported in Table 1 .
MgCl2 and CaCl2 had no appreciable effect on oligopeptidase activity, whereas Co(NO3)2, MnCl2, and especially ZnSO4 were potent inhibitors. The enzyme was completely inhibited by EDTA, even at a low concentration. This inhibition was not reversed by further addition of magnesium or calcium salts.
Substrate specificity. Hydrolytic activity had been first assayed on DD-, DL-, LD-, and LLdipeptides containing lysine and alanine. To examine the specificity of the enzyme, other dipeptides containing various L-a-amino acids were tested for dipeptidase activity ( were poor substrates (except Gly-L-Phe).
Hydrolytic activity of the enzyme preparation was also tested on tripeptides and longer peptides ( Table 2 ). The tripeptides which contained the sequence L-Ala-L-Ala (compounds XXVIII and XXIX) were the best substrates, but the peptidase activity rapidly decreased when the size of the peptides increased: tetra-L-alanine (compound XXXII) and penta-L-alanine (compound XXXV) were poor substrates.
The influence of a free terminal NH2 or COOH group was tested on derivatives of di-L-alanine and tri-L-alanine peptides. The N-acetyl and Cmethyl ester derivatives were not substrates for the oligopeptidase. The activity of the enzyme preparation on dipeptides, tripeptides, and to a lesser extent on longer peptides suggested the presence of more than one peptidase. This possibility was tested by measuring the hydrolysis of the tripeptide L-Ala-L-Ala-L-Ala at a constant concentration in the presence of increasing amounts of the dipeptide Gly-L-Phe (Table 3) .
The dipeptide competed with the tripeptide, and this result shows that these two substrates are hydrolyzed by a single enzyme. DISCUSSION Several microorganisms have been found to possess intracellular peptidases: Neurospora crassa (29), Saccharomyces cerevisiae (27) , Salmonella typhimurium (19, 21) , and Escherichia coli (20, 24, 38) . In Bacillus spp. several aminopeptidases were characterized in B. megaterium (2) , B. stearothermophilus (23, 26) , and B. subtilis (8, 18, 22) , and some of these peptidases have been reported as enzymes related to the sporulation process. The oligopeptidase of B. sphaericus, which is described in this paper, is not an aminopeptidase, as it does not hydrolyze leucine p-nitroanilide (Table 2 ). This oligopeptidase is quite different from the peptidase of B. megaterium in its substrate specificity (30) . Glycylglycine is a good substrate for the enzyme of B. megaterium, whereas this peptide is poorly hydrolyzed by the endopeptidase of B. sphaericus. A, A XXXI. Gly-Gly-Gly The presence of intracellular proteases and peptidases is not surprising, as at all stages of growth of Bacillus spp., protein degradation must proceed to free amino acids. It is well known that proteolytic activity increases during sporulation and that many enzymes are involved in this process (9, 31) . As with other proteases, the oligopeptidase which is found in B. sphaericus is correlated with sporulation since its level at the end of sporulation is three times higher than the level in vegetative cells. Moreover, the inhibition of sporulation by Netropsin inhibits the overproduction of the oligopeptidase. This enzyme is strongly inhibited by EDTA, suggesting a requirement for a bound metal ion, although added MgCl2 does not increase enzymatic activity and does not reverse the inhibition by EDTA which must be tightly bound to the enzyme.
The specificity of the oligopeptidase is interesting; the best substrates are short peptides containing L-lanine. In the process of sporulation there is a biosynthesis of macromolecules which constitute the spore envelopes. The formation of the cortex requires a high level of alanine, as three alanine molecules are involved in the synthesis of each peptidoglycan unit. One could assume that the activity of the L-alaninedependent oligopeptidase is related to the requirement of high levels of alanine in the course of sporulation. Recently Watabe et al. (37) reported activity of L-Ala and some L-Ala-containing dipeptides on germination of Bacillus thiaminolyticus spores. Although the mechanism of the action of those peptides is not known with precision, it seems that short L-alamnie-containing peptides are involved not only in spore formation but also in spore germination in the genus Bacillus.
